The goal of this study was to investigate the risk of VTE among patients with sarcoidosis.
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VTE, which includes DVT and pulmonary embolism (PE), is a common medical condition associated with high morbidity and mortality. Studies from Europe and North America have estimated the incidence of VTE as 1 to 2 new cases per 1,000 population per year. [1] [2] [3] Recurrence is common. The estimated cumulative incidence of recurrence is 10% at 1 year and 30% at 5 years after withdrawal of anticoagulation therapy. 4 Traditional risk factors of VTE include immobilization, hospitalization, surgery, malignancy, aging, thrombophilic state, and use of certain medications. 3 More recently, chronic inflammation has been increasingly recognized as an independent risk factor for VTE. Chronic activation of coagulation cascade by inflammatory cytokines is believed to be the key pathogenesis behind this association. 5 Epidemiologic studies have shown an increased incidence of VTE in several chronic immune-mediated inflammatory disorders such as rheumatoid arthritis, vasculitis, and inflammatory bowel disease. [6] [7] [8] Sarcoidosis is an immune-mediated disorder characterized by the presence of noncaseating granuloma. It is estimated that 70,000 incident cases of sarcoidosis are diagnosed in the United States annually. 9, 10 Patients with sarcoidosis may be at a higher risk of VTE. In fact, previous codingbased studies found a higher risk of VTE among patients with sarcoidosis, with relative risks ranging from 1.2 to 2.0. However, the accuracy of those studies was limited by the study design, which used an administrative registry to identify the sarcoidosis cohorts and the event of interest without medical record verification. 8, 11, 12 To further investigate this possible increased risk, the present population-based retrospective study was performed comparing the incidence of VTE between patients with sarcoidosis vs age-and sex-matched subjects without sarcoidosis. The risk of subtype of VTE (ie, DVT, PE) was also investigated.
Patients and Methods
This study used the Rochester Epidemiology Project medical record linkage system. Through the resources of this project, comprehensive medical records, both inpatient and outpatient, from all health-care providers for the local population (including the Mayo Clinic, the Olmsted Medical Center and their affiliated hospitals, local nursing homes, and the few private practitioners for all residents of Olmsted County, Minnesota, seeking medical care for > 6 decades) are available. The potential of this data system for use in epidemiologic studies has been described previously. 13 This medical record linkage system allows identification of virtually all clinically recognized cases of sarcoidosis among the residents of Olmsted County as well as complete ascertainment of the event of interest.
Using this medical record linkage system, a cohort of 345 incident cases of sarcoidosis in Olmsted County from 1976 to 2013 were identified.
14 All patients with diagnosis codes related to sarcoid, sarcoidosis, and contextual noncaseating granuloma were identified from the database. Medical records of all potential cases were individually reviewed. Inclusion required physician diagnosis supported by histopathologic evidence of noncaseating granuloma without evidence of acid-fast bacilli or fungi, radiologic features of intrathoracic sarcoidosis, compatible clinical presentation, and exclusion of other granulomatous diseases. The only exception to the requirement of histopathologic confirmation was stage I pulmonary sarcoidosis, which required only symmetric bilateral hilar adenopathy on thoracic imaging in the absence of other identifiable causes. Isolated granulomatous disease of a specific organ except for the skin was also included given that there was no better alternative diagnosis. 15 Case subjects with a diagnosis of sarcoidosis prior to residency in Olmsted County were excluded.
For each patient with sarcoidosis, 1 subject without sarcoidosis at the time of the patient's sarcoidosis diagnosis was randomly selected from the same population to serve as a comparator. Matching criteria were similar age (AE3 years) and same sex. The sarcoidosis incidence date of the case subjects was assigned to be the index date of the matched comparator. The medical records of case and comparator subjects were then reviewed for DVT and PE. Event verification was based on physician diagnosis supported by venography, angiography, ultrasonography, computerized angiography, and scintigraphy or autopsy findings. Data on baseline cardiovascular risk factors, including smoking status, BMI, diabetes mellitus, hypertension, and dyslipidemia, were also collected. Followup was continued until death, migration, or January 1, 2015.
Approval for this study was obtained from the Mayo Clinic and Olmsted Medical Center institutional review boards (IRBs), and the need for informed consent was waived (Mayo Clinic IRB: 14-008651; Olmsted Medical Center IRB: 012-OMC-15).
Descriptive statistics (eg, percentages, mean) were used to summarize the characteristics of each cohort. Comparisons between cohorts were performed by using c 2 and rank sum tests. Comparisons of prior VTE, DVT, and PE between cohorts were conducted by using the Fisher exact test to examine whether there were any increases in prevalence of VTE and its subtypes prior to the onset of sarcoidosis. The cumulative incidence of VTE, DVT, and PE adjusted for the competing risk of death was estimated. 16 These methods are similar to the Kaplan-Meier method with censoring of patients who are still alive at last follow-up. However, patients who die before experiencing VTE events are appropriately accounted for to avoid overestimation of the rate of occurrence of the events of interest, which can occur if such subjects are simply censored at death. Patients whose first occurrence was prior to the date of diagnosis for patients with sarcoidosis, or prior to the index date for subjects in the nonsarcoidosis comparison cohort, were excluded from the analysis of cumulative incidence. For the estimation of the cumulative incidence of VTE overall, the date of occurrence was the earliest date of occurrence of DVT or PE.
Cox proportional hazards models were used to compare the rate of development of VTE, DVT, and PE between patients with sarcoidosis and the nonsarcoidosis comparison cohort. In addition, Cox proportional hazards models were used to assess the association of risk factors on the development of VTE events among patients with sarcoidosis. Risk factors of interest included those described earlier. A P value < .05 was considered statistically significant for all analyses. Analyses were performed by using SAS version 9.4 (SAS Institute, Inc) and R 3.1.1 (R Foundation for Statistical Computing).
Results
Baseline characteristics of patients with sarcoidosis and the nonsarcoidosis comparison cohort are described in Table 1 . Demographic characteristics were similar between the two cohorts except that there more non-white subjects in the sarcoidosis cohort and more current smokers in the nonsarcoidosis comparison cohort. There was no difference in prevalence of baseline cardiovascular risk factors except for higher BMI among case subjects.
The prevalence of VTE prior to diagnosis of sarcoidosis/ index date was not significantly different between patients with sarcoidosis and the nonsarcoidosis comparison cohort (1.4% and 1.4%, respectively; P ¼ 1.0). The cumulative incidence of VTE after diagnosis/index date for case and comparator subjects is shown in Figure 1 . The risk of incident VTE adjusted for age, sex, and calendar year was significantly higher among patients with sarcoidosis with a hazard ratio (HR) of 3.04 (95% CI, 1.47-6.29). Significantly elevated risk was observed in both subtypes of VTE, with an HR of 3.14 (95% CI Table 2 .
Because surveillance bias (due to more frequent thoracic imaging among patients with sarcoidosis) could play an important role in this association, a sensitivity analysis including only VTE events that occurred at least 6 months after the index date was performed. The HR Table 2 .
Discussion
Over the past few decades, with the better understanding of disease pathogenesis and advances in therapy, morbidity and mortality from direct organ damage from disease pathology has been declining in several autoimmune diseases. 17 As a result, these patients live longer, and attention has turned to their comorbidities.
The present study is the first population-based study, to our knowledge, using comprehensive individual medical record review to illustrate the increased risk of VTE after diagnosis of sarcoidosis, adjusting for baseline cardiovascular risk factors. The risk remains elevated even after excluding events that occurred within 6 months after diagnosis/index date to reduce the likelihood of surveillance bias. These observations are consistent with previous coding-based studies, although the magnitude of risk was higher in the present study. The differences in magnitude of risk reported in other studies may be due to the methods used to identify the cohorts and events of interest. All previous studies were based on diagnostic codes to identify sarcoidosis and VTE in the respective databases, without verification by use of medical record review. Coding inaccuracy may then result in false-positive and false-negative results. In the present study, the diagnosis of sarcoidosis and VTE was confirmed by using individual medical review.
Other possible explanations include differences in populations, disease features, and treatments.
Elevated risk of VTE has been observed in several autoimmune disorders. A recent record linkage study from the United Kingdom reported a significantly increased risk of VTE in all 23 studied autoimmune disorders, with the relative risk ranging from 1.30 to 3.83. 18 The threefold increased risk of VTE in the present study falls within this range.
The three main precursors of VTE, known as Virchow's triad, are venous stasis, endothelial injury, and increased blood coagulability. Chronic inflammation is known to provoke a hypercoagulable state through several mechanisms, including upregulation of tissue factor by inflammatory cytokines, mobilization of clot-promoting membrane phospholipids by complement complexes, suppression of fibrinolysis, and downregulation of natural anticoagulants such as thrombomodulin by tumor necrosis factor-a. 19 Endothelial injury associated with chronic inflammation as a result of the detrimental effect of inflammatory cytokines and oxidative stress on endothelial cells is also well recognized. 20 These factors could predispose patients with sarcoidosis to the development of VTE. Other possible risk factors include the presence of antiphospholipid antibodies and use of glucocorticoids. 21, 22 A population-based study showed a dose-response relationship between glucocorticoids and the risk of VTE even after adjusting for underlying inflammatory conditions. 23 Conversely, use of glucocorticoids in autoimmune diseases to reduce the systemic inflammatory burden of the disease may contribute to a reduction of likelihood of developing VTE.
The major strength of this research is that it was a population-based study using a comprehensive database that allowed capture of nearly all the clinically recognized cases of sarcoidosis in the population. This approach captured the complete spectrum of the disease and minimized referral bias. The diagnoses of sarcoidosis and VTE were verified by medical record review, which minimized the likelihood of misclassification, a common concern in coding-based studies. The study also had a long length of follow-up (mean duration of follow-up, > 15 years).
The major limitations are those inherent in the retrospective nature of the study. Clinical information and laboratory data were not systematically obtained and, thus, all pertinent data might not be recorded. Surveillance bias might play a role because patients with sarcoidosis could undergo more medical examinations and thoracic imaging simply because of their pulmonary disease. However, the effect estimates from the sensitivity analysis which included only VTE that occurred at least 6 months after diagnosis/index date remained significantly elevated. Generalizability of the results to other populations could be limited because clinical phenotype and epidemiology of sarcoidosis varied among different racial groups, 9,10 but the population of Olmsted County is predominantly of Northern European ancestry. Moreover, there is a higher proportion of health-care workers in this population that could affect the pattern of health-care utilization and disease detection.
Conclusions
An increased risk of VTE among patients with sarcoidosis was observed in this population. How this risk should be addressed in clinical practice requires further investigation.
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